This paper analyses euro area Beveridge curves at the euro area aggregate and country level over the past 25 years. Using an autoregressive distributed lag model we find a significant outward shift in the euro area Beveridge curve since the onset of the crisis, but considerable heterogeneity at country level. We test for factors underlying these developments using the local projections method of Jordà (2005). Skill mismatch, high shares of workers in the construction sector, as well as high pre-crisis financial slack and home ownership rates appear strong determinants of outward shifts in Beveridge curves in response to a negative shock. Higher female participation rates mitigate these effects.
Introduction
The Beveridge curve is widely used as a succinct summary of the overall state of the labour market and to distinguish structural shifts from cyclical developments. It traces a negative relationship between unemployment rates and vacancy rates over the course of a business cycle, with low unemployment and high vacancies in expansionary phases and vice versa in contractions. In the initial stages of the global economic and financial crisis, vacancy rates fell sharply, while unemployment rates rose across almost all euro area economies. Since 2009 vacancy rates have recovered somewhat in many countries, but unemployment rates have remained high or kept rising, suggesting outward shifts in Beveridge curves. Such shifts in the Beveridge curve are of particular interest in times of crisis, since they are suggestive of structural changes in the labour market. This paper analyses euro area Beveridge curves over the past 25 years, at both the aggregate euro area level and at country level, focusing in particular on Beveridge curve developments since the onset of the global financial crisis.
Our aim is to identify shifts of Beveridge curves and to isolate salient structural factors influencing these movements. Distinguishing between high unemployment rates that are due to cyclical factors and a lack of labour demand, or to labour market mismatches, has important policy implications.
In the literature, cross-country analysis of euro area Beveridge curves has been limited by the absence of a long and harmonised vacancy series for the euro area and its constituent economies. To address this challenge, we consider two vacancy series: firstly, Eurostat's relatively recent series on euro area job vacancy rates; secondly, the longer European Commission series of employers' perceptions of labour shortages in manufacturing, as used by ECB (2002) and European Commission (2011b) .
We first present a graphical depiction of recent Beveridge curve developments using both vacancy series, and illustrate shifts of the curve in a number of euro area countries since the onset of the crisis. This overview also motivates our use of the series of employers' perceptions of labour shortages in manufacturing as a reasonable proxy for vacancies. Both series produce a similar picture of recent labour market developments, and the series correlate well. Additionally, the two concepts are closely related; a larger shortage of labour is likely to be reflected in a high number of unfilled vacancies.
1 Next, we proceed to the econometric analysis in which we apply an autoregressive distributed lag (ARDL) model to test for statistical significance of observed shifts for both the euro area aggregate and the individual countries since the onset of the global financial and economic crisis. We find a significant shift in the euro area Beveridge curve since the onset of the crisis, but considerable heterogeneity at country level. At the extremes, country level differences include a significant outward shift in the Beveridge curve for Spain, France and Greece, but an inward shift for Germany. We then extend our analysis to a second stage, in order to examine factors underlying the observed developments.
A range of country-specific factors -including labour force characteristics, sectoral employment composition and financial conditions -are tested using the local projections method of Jordà (2005) . We find evidence for skill mismatch and tentative evidence for sectoral and geographical mismatch. A high share of low skilled workers, a high homeownership rate and a high share of workers (previously) employed in the construction sector tends to shift the Beveridge curve outward in case of a negative shock. A high share of female workers in the labour force on the other hand tends to mitigate these effects.
The Beveridge curve has raised a lot of interest in the literature lately, but with some exceptions (e.g. ECB (2002) , European Commission (2011b), Hobijn and Sahin (2012) and Bouvet (2012) ), most studies are country specific, in part due to the lack of long and comparable cross-country vacancy series.
1 Our choice of using the European Commission series of employers' perceptions of labour shortages in manufacturing data allows us to do cross-country analysis.
Like our analysis, ECB (2002) covers most euro area countries, but that study relates to developments in the 1990s whereas we focus on the Great Recession.
Hobijn and Sahin (2012) provide a cross-country analysis for a number of OECD countries, including some euro area countries, however their analysis does not cover all euro area countries.
Our analysis builds on a number of earlier studies. Borsch-Supan (1991) tests for structural shifts in unemployment as a consequence of recessions in a panel of German federal states from 1963 to 1988. Shift periods are identified by visual inspection of regional Beveridge curves, so as to specify shift 1 There is an increasing number of recent studies that estimate matching functions and
Beveridge curves for the U.S., including Barnichon et al. (2010) Barnichon and Figura (2011 ), Daly et al. (2011 .
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dummies, which are then tested for statistical significance. Wall and Zoega (2002) use a similar, though two-stage, approach; first identifying shifts in the Beveridge curve, before trying to explain the shifts by means of institutional variables. Examining Beveridge curves and its shifts for Australia, Groenewold (2003) suggests coefficients of a similar magnitude to Wall and Zoega (2002) and confirms the importance of worker characteristics as a major determinant of increased structural unemployment. Our ARDL specification is a dynamic variation of the basic OLS model originally applied to the United States by Valletta (2005) , who estimates a reduced form equation using a similar method to Borsch-Supan (1991) . Valletta (2005) does not fully isolate the structural shifts in Beveridge curve movements, since Beveridge curves are able to move back and forth from year to year, because of the use of yearly dummies. Our method restricts the movements to specific -and rather more protractedperiods. To reproduce the dynamics of the Beveridge curve accurately we augment these models into an autoregressive distributed lag model. In the second step of our analysis, we investigate what has driven the shifts of the euro area
Beveridge curves using the local projections method of Jordà (2005) where we apply specifications developed in Teulings and Zubanov (2010) .
The paper proceeds as follows. Section 2 briefly describes the data and presents a graphical depiction of developments of the euro area Beveridge curve(s) over the past two decades. In section 3 we examine the statistical significance of observed shifts using an ARDL-model. Section 4 extends the analysis to a second stage, using the local projections method, to examine factors underlying the observed shifts. Section 5 concludes. To understand better the possible sources of the apparent shift in euro area
Beveridge curve developments in the euro area
Beveridge curves, Figure 2 shows developments for the four largest euro area economies since 1999, again using labour shortages as a proxy for vacancy developments. 4 For Germany, the Great Recession had a relatively short-lived Two countries -Germany and Italy -have seen periods in which labour market tightness drop slightly in combination with a decline in unemployment.
For Germany this happened since the start of the Great Recession, while Italy experienced a similar move prior to the crisis (see checkered observations for Germany and Italy in Figure 3 ). This chart shows that, on average euro area unemployment rose slightly 5 A prominently cited explanation has been the private sector's strong reliance on publiclyfunded short-time working schemes (e.g. Cahuc and Carcillo (2011) ). Other explanations have been cited as well; Burda and Hunt (2011) To test for statistical significance of the observed shifts, we apply an autoregressive distributed lag (ARDL) model to a basic Beveridge curve specification:
where U t is the official Eurostat harmonised unemployment rate and LS t is the labour shortages variable serving as proxy for vacancy developments. The model is estimated on quarterly data covering the period 1990Q1 to
2014Q1.
11 So as to improve the comparability of the Beveridge curve parameter estimates across countries (by taking specific account of the typical reported degree of variability in labour demand over the respective business cycles), the labour shortages data were mean-adjusted. Moreover, country-specific differences in lag structure of unemployment adjustment were taken into account (by allowing p and q to differ across countries, according to country-specific values suggested by AIC and BIC information criteria). This specification produces stationary results, stable ( i β i,1 < 1) and downward-sloping ( j β j,2 < 0)
8 The simplest specification used here follows the spirit of earlier studies by Borsch-Supan (1991), Wall and Zoega (2002) , Groenewold (2003) , Valletta (2005) and, more recently, the European Commission (2011b).
9 For an analysis of the use of vacancy data instead of labour shortages see Bonthuis et al. (2013) 10 For country regressions, all crisis periods are country-specific. Turning to the dummy variables, EMU looks to have had a significant and favourable impact on euro area labour markets, coinciding with an inward shift in the euro area Beveridge curve. To some extent, this inward shift could be a result of structural labour market reforms which accompanied EMU membership in several euro area countries. As regards the impact of the crisis, D cri is both positive and highly significant, suggestive of a strong outward shift in the euro area Beveridge curve since the onset of the recession.
Turning to the results of the four largest euro area countries, the model performs well for Germany, Spain and France, with the expected signs on all variables. The coefficient on the crisis dummy for Germany is strongly significant but negative, suggesting a coincident apparent inward shift of the German Beveridge curve since the crisis and suggestive of an ongoing improvement in labour market matching in recent years. This inward shift, however, is more likely to reflect the implementation of the structural labour market reforms (Hartz reforms) undertaken from the mid-2000s in Germany, than the impact of the crisis.
Also, the widespread use of short time working schemes (Kurzarbeit) and working time accounts have played a role in containing adverse labour market effects of the crisis.
For France and Spain, meanwhile, the model suggests strong and significant Figure 2) . However, it should be noted that this outward shift merely offsets the inward shift exhibited over the course of the EMU.
Results for Spain, meanwhile, suggest that the crisis has led to a substantial shift in that country's unemployment-vacancy relationship. The significance of the positively-signed shift dummy D cri is strongly suggestive of a significant increase in the degree of mismatch since the onset of the crisis for Spain. Analysis of the largest euro area economies suggests strong evidence of definitive Beveridge curve shifts in two and possibly three of the four biggest euro area labour markets. However, this is not the general picture for the euro area. were tested in our analysis but robust results were not found.
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We start with a Beveridge curve specification similar to section 3 using the local projections method proposed by Jordà (2005) :
in which D c,t takes the value of 1 at the time of the shock but is 0 otherwise, β c,0
is the country fixed effect (we ignore the EMU dummy for the moment). For each period k following the crisis we can estimate this equation forward, obtaining the impulse response function described by the parameter β 0k,3 . However, as Teulings and Zubanov (2010) note, the forecast k periods ahead will not only be influenced by crises that occurred before or at period t but also by any crisis occurring between t and the forecast horizon k. A similar argument applies to the labour shortage variable. This is of particular importance in our analysis since rising unemployment as such does not necessarily constitute an outward shift of the Beveridge curve: if vacancies drop as well, this represents simply a movement along a given Beveridge curve towards the extremes. We follow Teulings and Zubanov (2010) by retaining all manifestations of the crisis variable up to period k. Additionally, we will include labour shortages up to period k:
Because we account for the change in the labour shortages, the projection should not be interpreted as an impulse response function, rather it should be considered as a conditional impulse response (or, more precisely, a deviation from an out of sample forecast).
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To determine which sample of countries and time period to use in our panel we test for a common slope across countries (see results in table 3 in 14 Often institutional variables do not work well in econometric analyses -due, in large part, to data limitations, such as: short and infrequent series; the inherent need for heavy synthesis of complex cross-country indicators in very different institutional settings; lack of cross-country variation and lack of temporal variation. Given these and associated problems, it was difficult to include institutional features directly in our econometric analysis. For an extended discussion of institutional variables in a Beveridge curve analysis see Bonthuis et al. (2013) . 15 We estimate the errors using cluster robust errors as is done in Teulings and Zubanov (2010) . eridge Curve, particularly if we restrict this sample to the original euro area countries. We therefore restrict ourselves to the EMU period (which allows us to exclude the EMU dummy) and estimate the projections using only the sample of original euro area countries yielding downward-sloping Beveridge Curves -i.e., Austria, Belgium, Germany, Spain, Finland, France, Greece, the Netherlands and Portugal. 17 Several of these countries -Greece, Ireland, Portugal and Spain -were subsequently subject to intense financial stress, resulting in eventual reliance on international aid programmes, and are henceforth referred to collectively as the "stressed" economies. As another robustness check we use the local projection method of Jordà (2005) directly; excluding contemporaneous observations of the crisis and labour shortages from the projections. Figure 4 shows the results of the local projections method for the baseline crisis dummy with a 95% confidence interval using equation 3. We observe a persistent and significant rise in the unemployment rate -corrected for the vacancy rate -which is consistent with the shift of the euro area aggregate 16 These countries also have stable Beveridge curves P ( U ≥ 1) < 0.05. 17 We find however that our results are robust to including Estonia and Slovenia. 
Labour force characteristics
Strong increases in unemployment have been heavily concentrated among the low skilled and young people in many euro area countries. Furthermore, the strong increase in female participation in many countries over the last decades seem to have mitigated the adverse effects of the crisis somewhat. In figure   6 we plot the projections for the baseline crisis dummy and different worker characteristics. The results in Figure 6 confirm that labour force composition had significant impact on the outward shift of a country's Beveridge curve over the crisis period.
Higher pre-crisis proportions of low-skilled in the labour force -defined as the number of low skilled (employed and unemployed) divided by the total labour force -seem to produce a significant and persistent outward shift of a country's Beveridge curve. 20 One possible explanation is that sectors with a large amount of low skilled workers were especially hard hit during the crisis (for instance construction and to a lesser extent manufacturing). Restructuring of these sectors and difficulties in reallocating labour to other sectors can lead to permanent losses in employment.
The record level of youth unemployment in many euro area countries raises the question of the influence of the age distribution of the labour force on the Beveridge curve. However, in the local projections method, the pre-crisis proportion of young in the labour force does not show a significant effect. ply that it reflects the higher volatility of youth unemployment (which tends to rise strongly in recessions but also falls more rapidly than unemployment rates among older workers).
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High shares of women participating in the labour force on the other hand seem to shift the Beveridge curve inward (countries with a high share of female workers include Portugal, France and Finland). One potential explanation is that the crisis has mainly hit male dominated sectors, whereas public sector employment -where women are typically more strongly represented -has suffered smaller losses. Furthermore, economies with higher female participation are more likely to keep a shock to consumption to a minimum. For households in which income is mainly provided by one of the members of the household a spell of unemployment is likely to significantly reduce consumption, whereas in However, including these three labour force composition indicators does not render the long term effect of the crisis dummy insignificant. The "unexplained" part of the rise in unemployment is still present. 
Sectoral mismatch
To shed light on the extent to which sectoral developments were a key driver of the observed outward shifts (whereby displaced workers from one sector were not able to reallocate to employment in alternative sectors), we extend our analysis using shares of employment by sector. 24 Using the NACE2 sectoral breakdown, we distinguish three broad sectors, construction, financial and business services, and non-market services. This means that our baseline category in this case is the rest of the economy dominated by the largest sector, trade and transport.
Including other sectors were tested but not found to produce significant results. The pre-crisis proportion of workers employed in industry (excluding construction) does not seem to have a significant effect on the position of the Beveridge curve (not shown). As Burda and Hunt (2011) point out, it could be that industry (at least in Germany) in the pre-crisis period employed significantly less workers than the growth in value added would typically warrant.
This would mean that the slack in the industrial labour market was low, leaving less reason to reduce employment. Moreover, it is likely that the employment elasticities may be significantly lower in industry (excluding construction) than in other sectors, given the typically higher capital intensity of the manufacturing sector. Some corroboration for this view is provided in Anderton et al. (2014) , who find that differences in employment elasticities across sectors help explain a large part of the unemployment reaction across the crisis.
The construction sector stands out as particularly important. Heavy job losses in the construction sector have been a common feature of many euro area labour markets since the start of the crisis. Across the euro area as a whole, construction employment declined by roughly 7% year-on-year -over twice the rate of contraction as in the economy as a whole -at the depths of the crisis; in some countries, losses were higher still (for instance in Spain where construction constituted almost 14% of employment in the pre-crisis period). Moreover, employment contractions have tended to be rather longer-lived in construction -as job losses began rather earlier than in other sectors and, in some countries have been particularly persistent, resulting in construction employment levels well below their pre-crisis peaks in several euro area economies. Part of the downsizing observed is likely to be permanent, reflecting some correction to previously over-expanded construction sectors in some euro area economies.
Displaced construction workers are unlikely to be readily absorbed into other activities with ease. This, coupled with the generally low-skill nature of construction work, are clear prerequisites for the long lasting significantly positive outward shift of the Beveridge curve (see Figure 7 ). This effect seems to fade out after roughly three years.
As the ensuing crisis began with the global credit crunch, the financial sector has been at the core of the crisis and, in many respects, a key driver of the observed adjustments across many euro area economies. At the depths of the crisis, both the financial services sector and business services sector suffered strong employment contractions. However, in general, the losses in these sectors were both shallower and shorter-lived than in construction. Moreover, given the typically higher average skill levels of those (formerly) engaged in these sectors, they were probably rather easier to re-deploy than their lower-skilled construction counterparts. These reasons are likely to explain why empirically the share of employment in finance and business services do not seem to have a significant impact on the position of the Beveridge curve.
Finally, downsizing in the typically large public sectors of many euro area economies might be reasonably expected to lead to a potential outward shift of euro area Beveridge curves. However, for the period of this investigation, no such result is found. This is not to say that, in time, such a result will prove significant, but rather that, for many of the countries under investigation, significant downsizing of the public sectors did not occur till well into the second phase of the crisis, following the emergence of sovereign debt concerns in some euro area economies. As a result, the impact of public sector downsizing was not evident at the start of the crisis and is likely to have generated too few subsequent observations to yield robust empirical results.
As with the labour force characteristics, including these three sectoral composition indicators does not render the long term effect of the crisis dummy insignificant.
Financial conditions
In an attempt to assess the impact of financial variables on labour market outcomes, finally we regress observed Beveridge curves developments on rates of home ownership and a variety of financial variables as a first attempt to isolate the impact of the credit crunch itself on labour market outcomes. following the credit crunch and the bursting of construction bubbles in several euro area economies, homeowners in negative equity (or those whose homes were subsequently revalued to market rates lower than they had paid ) were left unable (or unwilling) to move to a less severely hit areas.
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To attempt to evaluate the effect of pre-crisis financial conditions, we use the European Commission series of employers' perceptions of financial shortages in manufacturing (European Commissions' Surveys of Business Confidence (European Commission (2011a)) as a limit to business, inverted so as to provide an approximate metric of the ease with which credit can be procured (or alternatively, of financial slack).The local projections method using this indicator 25 It is well documented that homeowners are unwilling to sell their house below the price at which they bought it even if it is considered the market price -see for instance Mayer (1997, 2001); Ferreira et al. (2010) and Goetz (2013) .
shows a positive and significant effect on the Beveridge curve, suggesting that over-heated financial markets before the crisis have tended to amplify the unemployment consequences of the downturn. One potential explanation is that firms that have received finance "too easily" may have "overhired" during the boom, and have thus been forced to rationalise more quickly during the downturn.
However, the effect is not persistent.
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As with the previous two tests, including financial conditions in the local projections method does not fully explain the long term increase in unemployment. The unexplained effect of the crisis dummy is significant throughout our estimated period.
Conclusion
The labour market consequences of the recent crisis have been heterogeneous across countries and sectors in the euro area. Overall, there are risks that the rise in euro area unemployment over the crisis may become persistent both at the aggregate euro area level and for some of the member economies. Whether the high unemployment rates are due to cyclical factors and a lack of labour demand, or to structural factors such as labour market mismatches, has important policy implications. In this paper we find evidence for the latter.
We find a significant shift in the aggregate euro area Beveridge curve since the onset of the crisis, suggestive of a marked increase in labour market mismatch over the subsequent period. At country level, however, there is considerable heterogeneity. At the extremes, country level differences include significant outward shifts in the Beveridge curves for France, Greece and Spain, an inward shift for Germany, while the majority of euro area countries reveal no significant changes in the responsiveness of unemployment to vacancy developments over the course of the crisis. Our results find also some evidence of outward shifts in Italy and the Netherlands though for these countries the results are less unequivocal (given the lack of robust Beveridge curve specifications for these labour markets).
26 Other variables considered included gross and net non-performing loans as proportion of total outstanding loans as well as arrears of mortgage payments. Neither seem to be an important indicator for the position of the Beveridge curve. It is likely that non-performing loans indicate a generally worsening of economic conditions resulting in a move along the Beveridge curve rather than a structural shift reflecting worsening labour market mismatch.
22
The results from a local projections analysis, designed to isolate the salient structural features influencing Beveridge curve movements, suggest that labour force characteristics -in particular, smaller proportions of lower-skilled workers and a higher proportions of women in the total labour force -significantly decrease the probability of an outward shift. Sectoral factors -particularly, the heavy employment losses in the construction sector -are important determinants of observed Beveridge curve shifts with long lasting effects. At a more structural level, this paper finds high incidences of home ownership rates also increase the likelihood of outward shifts in Beveridge curves following the onset of a negative shock. 
